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Ksl, Ks2 stiffness of individual shields 
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main roof loading P resultant suppport resistance 
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A MODEL OF SHIELD-STRATA INTERACTION AND ITS IMPLICATIONS 
FOR ACTIVE SHIELD SE'T'TING REQUIREMENTS 

By Thomas MI. ~arczak'  and David C. CIyler2 

ABSTRACT 

This U.S. Bureau of Mines study evaluates factors that influence longwall support and strata 
interaction. The longwall system is composed of an immediate and main roof structure and three 
supporting foundations: longwall panel, powered roof supports, and gob waste. The main roof forms 
a structure that is generally supported by all three foundations, while the immediate roof acts as a beam 
that cantilevers from the coal face to the powered support. In most cases, shield loading involves a 
complex interaction of both main roof and immediate roof behavior and is a combination of loads 
produced from convergence of the main roof and displacements of the immediate roof caused by 
deformations of the cantilevered roof beam. Since the shield stiffness remains constant for all leg 
pressures and main roof convergence is irresistible in terms of shield capacity, the shield must be able 
to control the behavior of the immediate roof or floor structure for shield loading to be sensitive to 
setting pressures. If the goal is to minimize total shield loading, any active setting force must be offset 
by reduced passive shield loading to justify the active setting loads. Field data sumest that the typical 
reductions in passive loading do not justify the required increases in setting pressure in some 
applications. 

'liesearch physicist. 
2~echanical engineer. 
Pittsburgh Research Center, U.S. Bureau of Mines, Pittsburgh, PA. 



Two primary goals of the U.S. Bureau of Mines in 
researching underground coal mining are to reduce the 
cost of mining coal and to ensure the health and safety of 
the miner. This study seeks to help achieve these goals by 
formulating a model to improve selection and employment 
of roof supports to maintain adequate ground control. 

The tremendous potential of longwall mining can be 
realized only if adequate ground control is maintained. 
Hence, powered roof support specifications are critical to 
longwall mining. Two primary considerations in shield 
selection and employment are (1) shield capacity, which is 
measured in terms of the yield pressure of the hydraulic 
leg components, and (2) setting pressure, which is used to 
actively set the shield against the roof at the beginning of 
the shield cycle. Despite the importance of the powered 
roof support system, the interaction of the supports with 
the strata is not well understood, as evidenced by a wide 
variety of support applications under similar mining 
conditions 

Shield capacities continue to increase for all 
applications (fig. 1). This increase in shield capacity has 
been obtained by employing larger sized (area) hydraulic 
components while keeping the hydraulic yield pressure 
constant at approximately 6,500 psi. Setting forces have 
also increased in direct proportion to the increase in yield 
capacities as the hydraulic setting pressures have remained 
constant at about 4,000 psi. Furthermore, setting 
pressures are arbitrarily selected without consideration of 
geological conditions. Current and past practice has been 
to set shields at 50 to 60 pct of yield capacity for all 
conditions. 

These trends indicate that further research is needed 
to provide a better understanding of strata behavior and 
associated shield response to provide for better shield - 

3~talic  umbers in parentheses refer to items in the list of references 
at the end of this report. 

INSTALLATION DATE 

Flgure 1 .-Historical trend In shield capacities. 

selection and employment. A goal is to match the 
utilization of shield capacity to the conditions in which 
shields are employed. Since total shield loading is largely 
developed from the initial setting force, optimum 
utilization of the available shield capacity requires the 
selection of an optimum setting force that minimizes total 
shield loading while maintaining the stability of the 
immediate face area. Shield resistance above that needed 
to maintain ground control unnecessarily stresses the 
support structure and surrounding strata, which may 
reduce shield life and degrade roof stability. Hence, 
optimum shield selection and utilization can improve safety 
and productivity through better ground control and reduce 
maintenance expenditures for the shield supports. 

Several theories of longwall support and strata 
interaction have been developed through the years. Until 
recently, the inability to collect high-quality in situ shield 
load measurements has limited verification and develop- 
ment of these concepts. State-of-the-art electrohydraulic 
control systems and permissible data acquisition systems 
now provide unprecedented data, in both quantity and 
quality, to facilitate the development of improved longwall 
support and strata interaction models. 

Historically, longwall support and strata interaction has 
been modeled as a detached roof block that must be 
maintained in equilibrium by the powered support 
resistance as illustrated in figure 2 (2). The premise of 
this concept is force-controlled roof behavior where face 
convergence is controlled by the shield resistance, sug- 
gesting a strong correlation of shield load development to 
setting pressures. The detached block concept ignores 
main roof convergence, which is irresistible in terms of the 
shield capacity. 

More recently, longwall support and strata interaction 
models have considered the equivalent stiffness of the total 
ground-supporting system (longwall panel, shields, and the 
gob) as illustrated in figure 3 (3-4). This concept pro- 
motes displacement-controlled roof behavior and ade- 
quately describes face convergence and subsequent shield 
loading in response to main roof activity, but tends to 
ignore the local behavior of the immediate roof, which 
may be dependent on shield resistance. 

The purpose of this report is to incorporate the salient 
features of these and other concepts to develop a model of 
longwall support and strata interaction that better 
describes observations of in situ shield response. The 
model considers shield load development from both the 
main roof and immediate roof structure. The main roof 
structure is the portion of the overlying rock mass that 
maintains sufficient structural integrity to maintain stability 
such that it does not produce localized loading in the 
immediate face area. The weight of the main roof is 



KEY 
hl Thickness of immediate roof 

P Resultant support resistance 
R Reaction force to maintain 

equllibrium 
w, r, p Reaction distances 

W Weight of rock mass 

Figure 2.-Detached block model of longwall support and 
strata Interactlan. Equlllbrlum requirements: force equllibrlum: 
W t R = P; moment equllibrium: W(w) t R(r) = P(p). [Adapted 
from Wilson as dl.scussed In reference 2.1 

widely distributed among the overall gound-supporting 
foundations, being carried by the in situ coal within the 
panel and the gob waste some distance from the 
immediate face. As the coal is extracted, the overlying 
rock mass is known to subside (converge). Hence, while 
the m a h  roof weight is not directly felt by the powered 
supports, its downward displacement through subsidence 
is a source of roof-to-floor face convergence and shield 
loadiig. The immediate roof is modeled as a beam of 
variable bending stiffness that cantilevers from the yield 
zone in the coal face to or beyond the powered support. 
Shield loading is described as a combination of loads 
produced from (1) convergence of the main roof in 
proportion to the stiffness of the ground-supporting system 
and (2) displacements of the immediate roof controlled by 
the weight and bending stiffness of the cantilevered roof 
beam and by the resistance developed by the shields. 

The concept proposed in this report is based on limited 
underground data, h n g w d l  support and strata interaction 
is a complex behavior of several mechanisms. A primary 
goal of this report is to stimulate thinking on this 
controversial issue, While the concept proposed here 
appears to eqlain, obsematicms of in situ shield responses, 
insufficient research has been done to verify the 
mechanisms on which this concep$ is formulated. Any 
application of the results reported here should consider 
these limitations, 

Figure 3.4quivalent system sffffness model of longwall support and strata tnteractlon. 



IN SlTU SHIELD LOADING OBSERVATIONS 

Bureau and other researchers have monitored shield leg 
pressures on a number of longwall faces during the past 
decade. From these data, shield response during a miniig 
cycle and correlations of data parameters, such as total 
shield loading, change in loading after being set against the 
roof, loading rate after setting, and active setting pressure, 
have been derived. The data presented in this report are 
from an eastern Kentucky longwall that employs 780-ton 
two-leg longwall shields. The geology is characterked as 
a thin shale immediate roof overlaid by a relatively thick 
sandstone. The litholog is shown in more detail in 
figure 4. These data were selected primarily because of 
the high quality of the data and not the site geology* 
From the perspective of shield response, this site is similar 
to other observed longwall faces. 

LOADING PROFILES 

trapped in the leg cylinder and the shield becomes a 
passive support. Subsequent loads are developed in 
response to vertical and horizontal displacements of the 
canopy relative to the base in proportion to the stiffness of 
the support structure. Hence, total shield loading, as 
indicated in equation 1, is the sum of the initial load, 
created by actively setting the shield, plus the subsequent 
passive load, developed in response to roof convergence, 

FT = FA s FP, (1) 

where FT = total shield load, 

FA = active setting load, 

Fp =: passive load, 

A typical profile of shield leg pressure development 
FP KSHIBLR 

during a mining cycle is shown in figure 5. The shield is ISsHtELD = shield stifffess, 
initially loaded by actively setting it against the roof by 
external pressurization of the hydraulic leg cylinders, and R = shield displacement. 
Once the shield is set against the roof, hydraulic fluid is 

# 2  1 Break #3 1 Break 

Medium-grained gray Medium-grained gray 
sandstone 21.1- sandstone 

Figure 4.4tratlgraphle column of roof strata at eastern Kentucky longwall at break 21 and break 31. 
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Figure 5.-Typical shlsid cycle showing leg pressure devel- 
opment 

Shield loading rates vary during the mining cycle in 
response to mining activities that affect roof behavior. 
Maximum loading rates are generated in response to the 
shearer extraction of face coal in the immediate vicinity of 
the shield. The shearer effect is seen toward the end of 
the shield cycle (period C to D in figure 5) in higher rates 
of roof convergence several tens of feet in front of the 
approaching shearer, and the effect is present after the 
shearer passes the shield, w i c d y  the shield is lowered 
before the shearer effect ends, so the shearer effect is also 
seen after the support is advanced and reset against the 

g of the next cycle, Evidence to 
support this claim is show in figure 6, which shows that 
two shields lowered several minutes later than adjacent 
shields maintained the same load rate well after the 
adjacent shields were advanced. 

Also included at the beginning and end of the cycle are 
the effects of the advancement of adjacent shields. The 
change in shield loading produced from the adjacent shield 
advance is typiealfy an order of magnitude below that of 
the shearer effect, as illustrated in figure 7, where one 
shield among the six monitored was lowered near the 
middle of the mining cycle and not reset for the remainder 
of the cycle. 

During the middle portion of the cycle when the 
shearer is some distance past the shield (estimated at 125 
to 150 ft for the Kentucky longwall), the shearer effect at 

t KEY - Extended shield cycles A --- Short shield cyc t i s  

C L _ _ _ _ _ - - - - - - - -  

C _ _ _ C _ _ _ _ - - - - - - - - - -  

u 15 30 45 60 75 90 1 0 5  

ELAPSED TIME, mln 

Figure 6.-Effect of shearer e*actlen at end of mlnlng cycle. 

ELAPSED TIME, mtn 

Figure T.&ffect of adjacent shield advance on shleld loading. 

the beginning of the cycle disappears and a substantially 
reduced loading rate is observed (period 13 to C in 
figure 5). This loading rate is fairly constant, which 
indicates a constant rate of convergence, This is also the 
lowest loading rate observed during the shield cycle. 



DATA CORRELATIONS 

Figure 8 depicts the correlation of passive shield 
loading, defined as the difference between the leg pressure 
when the shield is set against the roof (setting pressure) 
and the final leg pressure when the shield is lowered, as a 
function of setting pressure for 138 mining cycles rep- 
resenting 1 full week of mining. To avoid localized effects 
of individual shield performance in situations where a 
shield may not be fully participating in providing roof 
control, an average change in shield loading on 11 
consecutive shields was computed. Each data point on the 
graph represents one mining cycle averaged over these 11 
shields. Similar behavior was observed for single shield 
responses. 

A weak correlation of passive shield loading to different 
setting pressures was observed. This might be attributed 

to changes in strata geology or inconsistencies in the 
duration of the mining cycle. However, the envelope of 
the data (maximum change in loading corresponding to a 
given set pressure) suggests some setting pressure de- 
pendency. It appears that passive shield loading increased 
with increasing setting pressures up to approximately 3,200 
psi, and then decreased with increasing setting pressures 
for setting pressures above 3,200 psi. Since passive shield 
load development is produced in response to displacement, 
the observed behavior requires increasing displacements 
for increased setting pressures up to 3,200 psi and 
reducing displacements for increased setting pressures 
beyond 3,200 psi. A similar relationship was observed for 
shield loading rate, computed as the change in shield 
loading after the shield is set divided by the time required 
to produce this change in loading. 

SUPPORT AND STRATA INTERACTlON MECHANICS 

The model proposed in this paper is illustrated in fig- 
ure 9. As indicated in the introduction, the main roof 
structure is supported by the coal panel, the powered 
supports, and the gob waste, and the immediate roof is 
considered as a beam that cantilevers from the coal face 
to the powered supports. Shield loading in relation to 

: strata mechanics largely depends on whether the imme- 
diate roof remains coupled to the main roof. At one 

~, 

extreme, the immediate roof forms a free block that must 
be maintained in equilibrium solely by the powered sup- 
port resistance (fig. 2). At the other extreme, there is no 

well-defined immediate roof or the immediate roof re- 
mains coupled to the main roof and shield loading is 
governed by the behavior of the main roof (fig. 3). In 
most cases, shield loading involves a complex interaction 
of both main roof and immediate roof behavior and is a 
combination of loads produced from convergence of the 
main roof and displacements of the immediate roof caused 
by deformations of the cantilevered roof beam. A detailed 
analysis of these mechanisms follows. 

2,000 

1,500 
- - Data envelope 

1,000 

500 

0 
2,000 2,500 3,000 3,500 4,000 

AVERAGE SET PRESSURE, psi 

Figure L-Correlatlon of passive shield loading to actlve setting pressure. 



Figure 9.--Proposed model of longwall support and strata Interaction. 

COUPLED MAIN ROOF AND IMMEDIATE system is the sum of the coal, powered support, and gob 
ROOF BEHAVIOR stiffness as described in equation 3. 

When the immediate roof remains coupled to the main 
roof, support and strata behavior is best described by 
analysis of the equivalent stiffness of the ground- 
supporting system. The underlying principle of a model 
based on stiffness is that the forces developed in the 
supporting elements are a function of the applied dis- 
placements to the supports and the stiffness of the 
supports as expressed in equation 2. 

where FSYmM = roof and floor loading, 

KSYmM = system stiffness, 

and DSYmM = roof-to-floor convergence. 

In the context of underground coal miniig, forces are 
imposed on the supporting system in response to the 
displacement of the overlying rock mass as the coal seam 

t is extracted. Displacement equates to roof-to-floor conver- 

b 
gence. In a static situation, the roof force is equilibrated 
by the force resistance of the supporting system. In a dy- 
namic situation in which equilibrium is not attained, the 
forces and displacements are replaced by first derivatives 
producing force rate and displacement rate, which relate 
to rates of loading of the supporting system. 

The face coal, powered supports, and gob form a 
system of parallel supports, as illustrated in figure 3, with 
mechanical springs to simulate the stiffness of the ground- 
supporting elements. The equivalent stiffness of this 

where KCoAL = coal stiffness, 

KPOWERED SUPPORT = powered support 
stiffness, 

and GOB = gob stiffness. 

In reality, the face is three-dimensional, and additional 
supporting elements could be added to simulate the full 
face, but for purposes of discussion a two-dimensional 
representation, as shown in figure 10, will be used. 

Assuming a constant roof and floor load, face con- 
vergence is a function of the stiffness of the total ground- 
supporting system. Roof convergence and associated load 
development in the support elements will be at a minimum 
when the system stiffness of the supporting elements is at 
a maximum. Load distribution among the individual sup- 
port elements is determined by their relative stiffnesses. 
Since the shield stiffness is constant for al l  leg pressures 
(9, load development in the shield should not be de- 
pendent on shield setting pressures. Hence, total shield 
loading will be minimized when setting loads are mini- 
mized, suggesting that passive shield application where the 
shield is set in contact with the roof without applying any 
active force provides optimum employment to minimize 
shield loading. 

A more detailed examination (fig. 10) indicates that the 
shield acts in series with the immediate roof and floor 
strata, producing an equivalent stiffness as described in 
equation 4. 



1 
I(P0WERFlD SUPPORT S Y m M  ' 1 - +  + 1 (4) 

KROOF KSHIELD K~~~~ 

= powered support system stiffness, 

KROOP = roof stiffness, 

hIELD = shield stiffness, 

and KmoR = floor stiffnes. 

Elements acting in series assume the general behavior of 
the least stiff element, and the equivalent system stiffness 
is always less than any one of the components, Therefore, 
only if the roof and floor stiffness approach inf"kity will the 
equivalent system stsness equal that of the shield.. Hence, 
the presence of an immediate roof or floor structure, 
which is also acted upon by the main roof loadiing 
(convergence), reduces the equivalent stiffness for the 
powered support system (roof, shield, and floor series). 
This reduction results in less shield loading (per unit 
displacement of main roof convergence) despite the shield 
stiffness remaining constant. In essence, a porlion of the 
(main) roof convergence is consumed in the displacement 
of the immediate roof and/or floor structure and the full 
displacement does not go into the shield. 

. . .. , .. . 
Main roof loodtng ( F f  

If it is assumed that the stiffness of the roof or floor 
strata is force dependent, then it can be postulated that 
the equivalent stiffness of the powered roof support system 
can be modified by changes in shield forces as illustrated 
in figure 11. For example, if there is a layer of debris on 
the shield canopy, the stiffness of this debris may increase 
with compaction from increases in shield force. This in- 
crease in stiffness of the roof would produce higher shield 
loading since more of the roof convergence would be seen 
by the shield, 

Referencing equation 2, any increase in the equivalent 
stiffness of the powered support system reduces face con- 
vergence for a constant roof load, suggesting that higher 
setting pressures may reduce face convergence and passive 
shield load development. However, it is necessary to con- 
sider the relative stiffness of the powered support system 
with that of the coal and gob structure to evaluate the 
effects of increased stiffness of the powered support 
system. The stiffness of the shield is known to be 
approximately 1,000 kip/in (S), which represents the 
maximum stiffness attainable for the powered support 
system (roof, shield, and floor series). A representative 
modulus of elasticity for coal is 250,000 psi. Computing 
the stiffness of the coal structure using the relationship 
K = A .  E / L where A = area, E = modulus of elastic- 
ity, L = length, the coal structure stiffness is computed 
abs 25,000 kip/in per unit shield width for a 6-ft seam 
(I., = 6 ft) assuming a very modest 10 ft of coal supporting 
distance into thc face (A = shield width 10 ft). Since 
the coal structure stiffness is at least an order of mag- 
nitude greater than the powered support system, the pow- 

Convergence (Dl ered support system stiffness represents only a very small 
portion of the overall ground-supporting system stiffness 
an$ therefore has very little effect in terms of controlling 
main roof convergence. 

Therefore, iacreasing the axial stiffness of the immedi- 
ate roof or floor by increasing shield setting pressures does 
not si@ficantly reduce face convergence and associated 

- - - _ I -  

-- - Floor structure - KFWq - - - - - - - - - -  - -. - - -  $ -  - - - - -  - - - - -  --,  

KEY 
D Displacement (convergence) 
F Force 
K Stiffness 

Figure lO,-Powered roof eupport llnterectlon with immediate 
roof and floor strata. 

passive shield load development, It is more likely that the 
increased stiffness of the immediate roof or floor transmits 
more of the roof convergence to the shield causing higher 
shield loading. Hence, passive shield application is 
recommended under these conditions to minimize shield 
loading. 

Using the equivalent stiffness concept, changes in 
shield loading due to shearer extraction of the coal and 
adjacent shield advance are explained in terms of changes 
in stiffness of the ground-supporting system. Coal in the 
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Figure 11.4ypotheUcal force dependency of lmmedlate roof and floor and associated 8quivalenP sUlfhnes8 of 
powered support system. 

face area is modeled as several parallel elements as 
indicated in equation 5. 

where a, . , = elements of coal, 

Removing elements of coal then reduces the stiffness of 
the coal structure. The modulus of the coal in the imme- 
diate face area may also be reduced because of a loss of 
confiiement from the face extraction, which would further 

6 

reduce the stiffness of the coal structure in the immediate 
face area, The reduced coal structure stiffness causes an 
increase in roof convergence in the hmediate face area, 
which produces load development in the shield in propor- 
tion to its stifhess, 

Similar analyses may be appEed to other face functions, 
such as adjacent shield advance, which is also known to 
increase shield loading rate. Shields along the face act as 
a system of parallel supports providing an equivalent 
system stiffness equal to the sum of the individual shields 
as indicated in equation 6. 

where Ksl, . , . sN = stiffness of individual shields. 

When adjacent shields are lowered, the system stifhess is 
reduced and additional loading is seen on nei&borhg 
shields from the increase in convergence. 

However, the effect is very localied. lawering one 
shield does very little to reduce the overall face stfiess; 
hence, load transfer is localized to shields in the imme 
diate vicinity of the shield being advanced. Since the 
stiffness of the shields is substantially less than that of the 
coal, the increase in loading from shield advance is consid- 
erably less than that produced by the shearer extraction, 
which reduces the more dominant coal structure stiffness. 

DETACHED IMMEDIATE ROOF BEHAVIOR 

When the immediate roof becomes decoupled from the 
main roof, immediate roof displacements exceed main roof 
convergence, and shield load development is determined 
by the displacements of the immediate roof, As shown in 



figure 12, the roof beam deflects from loading produced by 
its weight in proportion to the bending stiffness of the 
beam. This deflection then causes a shield displacement 
and associated load development proportional to the shield 
stiffness, Since the shield stiffness remains constant for all 
leg pressures and if it is assumed that the deformation 
characteristia of the immediate roof do not change, pas- 
sive shield loading is not dependent on the shield setting 
pressures and active setting is not required, Equilibrium 
of the strata is provided by passive shield resistance gener- 
ated from displacement of the immediate roof. 

Previously it was suggested that the axial stiffness of 
the immediate roof or floor may be increased by increas- 
ing setting pressures, but it was concluded that this would 
have minimal effect on controlhg main roof convergence 
and most likely would increase shield loading by transmit- 
ting more of the main roof convergence to the shield. 
However, if increasing the setting pressure increases the 
structural moment of inertia of the immediate roof beam, 
its bending stiffness would increase as indicated in equa- 
tion 7, and the corresponding shield loading from the 
beam deflection would be reduced. 

where K = bending stiffness, 
4 

E = modulus of elasticity, 

I = moment of inertia, 

and L = beam length, 

If the immediate strata consist of several bedded layers, 
then it can be postulated that the frictional forces between 
layers would increase with increased shield resistance, is., 
setting force, producing a composite beam with increased 
moment of inertia and beam stiffness. In essence, the 
moment of inertia of the composite beam is much greater 
than the sum of the moments of inertia of the individual 
layers of which the beam is composed (fig, 13). This 
composite beam behavior is similar to the generally 
accepted model of the effects of roof bolting, in which the 
bolt b i d s  a number of weak lminated layers into a single 
beam with an increased bendiig resistance. 

As illustrated in figure 5, shield loading rates are 
observed to increase as coal is extracted. The previous 
section described this increase in shield loading from 
reduction in coal structure stiffness and associated increase 
in main roof convergence. Thc incrcascd shield loading 
can also be explained in terms of immediate roof behavior, 
Assuming the immediate roof acts as a cantilevered or 
simply supported beam, the bending stiffness is highly 
dependent on the beam length, as indicated in equation 7. 
Hence, as the beam length increases from removal of the 
face coal, its stiffness is reduced, causing larger deflections 

that produce additional shield loading. Cutting a 2-ft web 
could increase the deflection of a 15-ft roof cantilever by 
an additional 65 pct. i 
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Figure 12.4antilevered beam deflections of immediate roof 
structure. 
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Flgure 13.--Composite beam effects of immediate roof strata. 



W L ~  S = -  
8EI 

where S = beam deflection, 

w = distributed load, 

L = beam length, 

E = modulus of elasticity, 

and I = moment of inertia. 

In the worst case, beam deflections under decoupled 
(8) immediate roof conditions may be large enough to cause 

failure of roof strata at the coal face so that the immediate 
roof forms a free block that is solely supported by the 
shield. Another possibility is that bed separation of the 
immediate roof at the main roof boundary causes failure 
of upper members of the immediate roof, transferring ad- 
ditional loading (welet) onto the cantilevered immediate 
roof strucbre directly above the shield. An active setting 
pressure may improve these conditions provided the struc- 
tural stiffness of the hmediate roof beam is increased by 
the additional shield resistance, 

I INTERPRETATION OF MEASURED SHIELD LOADlNG 

Changes in shield loading produced during the mining 
cycle in response to face extraction (fig. 5) are due to the 

I combination of reduction in the axial stiffness of the coal 
I structure and lengthening of the immediate roof beam. 

From the data available at the Kentucky minesite, it can- 
not be positively determined which is the more dominant 
factor. Examining the mathematics of the proposed mech- 
anisms, the axial stiffness of the coal structure changes in 
direct proportion to the area (A) of the coal structure, 

I 
K = (A . E) / L, whiie the bending stiffness of the im- 
mediate roof beam is a function of the cube of the beam 
length (L), K = (12 . E + I) / L ~ .  This relationship 
indicates that the roof beam bending stiffness is more 
sensitive to changes in beam length than the axial coal 
structure stiffness is sensitive to changes in area. How- 
ever, it does not conclusively indicate whether reduction in 
the axial stiffness of the coal structure or lengthening of 
the roof beam is the dominant factor, since they are 
different mechanisms. 

A similar analysis can be applied to evaluate shield 
advancement. The fact that a change in load is seen from 
lowering a single shield (fig. 7) suggests that this behavior 
is due to local activity of the hmediate roof, since lower- 
ing one shield would not significantly change the overall 
face stiffness (see equation 6). 

Figure 14 indicates that shield load development 
during the middle portion of the cycle when the shearer is 
not in the vicinity of the shield (period B to G in figure 5) 
is insensitive to leg setting pressures. This insensitivity 
implies that this loading is developed from main roof con- 
vergence and that the immediate roof or Boor structure 
stiffness remains constant during this period. 

Since the shield stiffness remains constant for all leg 
pressures and main roof convergence is irresistible in 
terms of shield capacity, the shield must be able to change 
the stiffness of the immediate roof or floor for passive 
shield load development to be sensitive to setting pres- 
sures. From the previous analyses, it is clear that a model 
of longwall support and strata interaction must consider 

the effects of both axial and bending stiffness of the 
immediate roof and floor strata to evaluate shield load 
development and its sensitivity to active setting pressures. 
The model is complicated by the fact that increases in 
axial and bending strata stiffness produce opposite effects 
relative to passive shield load development. Hence, con- 
sideration must be given to the more dominant factor to 
determine optimum setting forces. 

At the minesite from which the data were presented in 
figure 8, the axial stiffness effects (increase in material 
stiffness due to compaction) appear to dominate at low 
setting pressures (below 3,200 psi) while the bending stiff- 
ness effects (increase in bending stiffness of the immediate 
roof beam from interaction among strata layers forming a 
composite beam) appear to dominate at high setting pres- 
sures (above 3,200 psi). 

Another explanation for the decrease in shield load de- 
velopment at the higher setting pressures is that the effec- 
tive axial stiffness of the strata is reduced through crushing 
of the immediate roof or floor leading to a reduction in 
modulus of elasticity for the immediate roof or floor stra- 
ta. In general, since the shield is not likely to produce 
strata loading at the strata-shield boundary in excess of 
1,000 psi, which is well below the compressive strength of 
most cod measure strata, the shield is unlikely to induce 
sufficient force to fracture roof or floor material, except at 
contact asperities, which may produce some localized 
failure and reduce stiffness. 

If the factor to be optimized is shield loading, 
optimum setting pressures can be determined by examin- 
ing total shield loading as a function of setting pressure. 
For the data presented in figure 8, this relationship is illus- 
trated in figure 15. The graph shows that minimum total 
shield loading was developed at the minimum set pressure, 
indicating that the benefits derived from reduced passive 
load development at the higher setting pressures are offset 
by the higher active setting loads (equation 1). This anal- 
ysis suggests that for these conditions, passive shield 
application would produce the least overall shield loading, 
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setttng pressure. 

6,000 
Lcl 

g .5$ 
O a 4,008 
Lrl 
a g  
$ 3  

8 2,000 a Maximum pressure 

x a  - 8.98 * X + 758 
9 

0 

AVERAGE SET PRESSURE, psig 
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SUMMARY AND I=ONCLIJSION% 

Strata mechanics associated with longwall mining are a 
complex interaction of the main roof structure, the imme- 
diate roof and floor structure, and the ground-supporting 
elements, which are the coal panel, the powered roof sup- 
ports, and the gob waste, Historical concepts of longwall 
support and strata interaction do not fit well with meas- 
ured in situ shield loading. Other concepts need to be 
explored. The model proposed in this report is one such 
concept. Such models may lead to better deliitions of 
support capacity and setting loads for various geological 

conditions. Optimum employment of shield capacity nlay 
increase shield life and improve ground control by 
minimizing unnecessary shield and strata loading. 

Four points are made from the proposed model that 
are crilical to shield capacity and active setting force 
considerations. 

1. The primary function of the powered supports is to 
control the immediate roof, which cannot maintain stability 
without additional support. The shield has inadequate 



capacity to significantly affect the behavior (convergence) depend on whether main roof or immediate roof behavior 
of the main roof. Main roof behavior is primarily control- dominates. Passive application, in which the shield is set 
led by the stiffness of the coal structure in the face area in contact with the roof without applying any force, is rec- 
and the stiffness of the gob waste in the region beyond the ommended for main roof behavior where the convergence 
face. 

2. Total shield loading is the sum of the initial load 
generated from active shield setting plus the load gener- 
ated in response to strata convergence, which is described 
as the product of the convergence and the shield stiffness. 
Currently, setting loads represent the majority of overall 
shield loading, since the current practice is to set shields 
at 50 to 60 pct of the yield capacity. Any effort to mini- 
mize shield loading must consider both sources of loading. 

3. A critical point in understanding shield load 
development is that the shield stiffness remains constant 
for all leg pressures. This means that the shield's ability 
to resist convergence is the same regardless of the setting 
pressure or overall shield resisting force. Therefore, for 
displacement-induced roof behavior in which force equilib- 
rium of the strata is not attained or controlled by the 
shields, shield load development is independent of setting 
pressures. 

4. It is postulated that increased shield resistance 
(setting force) can influence strata behavior in two ways: 
(1) by increasing the axial stiffness of the immediate roof 
or floor through compaction of broken debris or (2) by in- 
creasing the bending stiffness of the immediate roof beam 
by increasing the moment of inertia through frictional 
forces developed between individual strata layers. Shield 
loading would increase in response to the debris compac- 
tion and decrease in response to increased bending stiff- 
ness of the immediate strata. 

In consideration of these four critical points, it is 
concluded that shield response and optimum employment 

" 
is irresistible in terms of shield capacity. Minimizing the 
setting force would preserve more of the available shield 
capacity to accommodate the main roof convergence in 
these conditions. Immediate roof and floor strata are 
postulated to exhibit force dependency characteristics 
relative to their axial and bending stiffness. The abiity to 
minimize total shield loading through active setting forces 
depends on the capability of the shield to increase the 
bending stiffness of the immediate strata enough to offset 
increased loading from increases in axial stiffness of the 
immediate strata and to offset the additional load caused 
by the higher setting loads. Data analyzed from one mine- 
site in eastern Kentucky suggest reduced setting pressures 
would minimize total shield loading despite apparent re- 
ductions in passive shield load development at high setting 
pressures. Hence, there appears to be evidence for 
reduced setting pressures in some applications. 

The justification for passive support application or 
reduced setting pressures as proposed in this report is 
based on the criteria to minimize overall shield loading. 
It is recognized that the reduced setting pressure may pro- 
duce increased immediate strata convergence, and a deci- 
sion must be made based on site-specific geological condi- 
tions if this increased convergence may cause roof stability 
problems. However, the stiffness of state-of-the-art shield 
supports permits about 1 in of displacement when used on- 
ly as a passive support, and it is this magnitude of conver- 
gence that should be considered in these evaluations. 
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